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PHOTOSENSITIVE POLYMER HAVING FUSED AROMATIC RING 
AND PHOTORESIST COMPOSITION CONTAINING THE SAME 



BACKGROUND OF THE INVENTION 

1 . Field of the Invention 

The present invention relates to a photosensitive polymer and a photoresist 
composition, and more particularly, to a photosensitive polymer having a protecting 
group including a fused aromatic ring, and a photoresist composition containing the 
same. 

2. Description of the Related Art 

As the manufacture of semiconductor devices becomes more complex and 
current semiconductor chips are more integrated, it is essential to form fine patterns 
in photolithography. Furthermore, as the capacity of semiconductor devices 
increases to exceed 1 Gigabit, a pattern size having a design rule less than 0.2 ixm 
is required. 

In general, a photosensitive polymer is used as photoresist, which should 
have characteristics of: (1) high resistance to dry etching, (2) being transparent 
against a specific wavelength to be used, and (3) excellent adhesion to underlying 
layers on which patterns are formed. 

A conventional photoresist typically has poor resistance to dry etching. After 
a photoresist pattern is formed on an underlying layer (e.g., a silicon layer) by 
lithography, the underlying layer is dry etched using a plasma gas. During the dry 
etching process, the photoresist pattern serves as a mask layer with respect to the 
underlying layer. As the pattern size becomes smaller, the thickness of the 
photoresist is gradually decreased. If the photoresist has poor resistance to dry 
etching, the underlying layer cannot be etched into a desired shape and the critical 
dimension (CD) of the underlying layer's pattern is varied. Accordingly, to ensure 
selectivity of the photoresist layer with respect to the underlying layer during a dry 
etching process, the photoresist layer must have strong resistance to dry etching. 

Accordingly, it would be desirable to develop new photoresist materials 
having strong resistance to dry etching. 
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SUMMARY OF THE INVENTION 
A photosensitive polymer having an acid-labile protecting group is provided. 
The photosensitive polymer has a general formula as follows: 



POLYMER 
BACKBONE 



X 




y 



wherein the acid-labile protecting group comprises a fused aromatic ring; R t is 
hydrogen atom or alkyl group having from 1 to 4 carbon atoms; X is hydrogen atom, 
halogen, alkyl, or alkoxy; and y is an integer from 1 to 3. 

According to an aspect of the invention, the acid-labile protecting group is 
bound to a polymer backbone of the photosensitive polymer, the polymer backbone 
of the photosensitive polymer includes acrylate backbone, methacrylate backbone, 
and norbornene backbone; the fused aromatic ring is a liner ring or branched ring 
with y greater than or equal to 2; the photosensitive polymers have a weight average 
molecular weight ranging from about 3,000 to about 200,000. 

A photoresist composition is also provided which comprises: (a) a 
photosensitive polymer having an acid-labile protecting group represented by the 
formula: 




wherein the acid-labile protecting group comprises a fused aromatic ring; R, is 
hydrogen atom or alkyl group having from 1 to 4 carbon atoms; X is hydrogen atom, 
halogen, alkyl, or alkoxy; and y is an integer from 1 to 3; and (b) a photoacid 
generator (PAG). 

According to an aspect of the invention, the acid-labile protecting group is 
bound to a polymer backbone of the photosensitive polymer; the fused aromatic ring 
is a liner ring or a branched ring with y greater than or equal to 2; the photosensitive 
polymer has a weight average molecular weight ranging from about 3,000 to about 
200,000. 

According to a preferred aspect of the present invention, the photoresist 
composition comprises from about 0.5 to about 10 weight percent of the photoacid 
generator based on the weight of the photosensitive polymer. The photoacid 
generator is selected from the group consisting of triarylsulfonium salt, 
diaryliodonium salt, sulfonate, and mixtures thereof. 

The photoresist composition further comprises an organic base. The organic 
base comprises from about 0.5 to about 50 weight percent based on the weight of 
the photoacid generator. The organic base is selected from the tertiary amine group 
consisting of triethylamine, triethanolamine, triisobutylamine, triisooctylamine, 
triisodecylamine, and mixtures thereof. 

DETAILED DESCRIPTION OF THE INVENTION 
The preferred embodiments of the present invention will be described more 
fully hereinafter, in which preferred embodiments of the invention are shown. This 
invention may, however, be embodied in many different forms and should not be 
construed as limited to the embodiments set forth herein; rather, these embodiments 
are provided so that this disclose will be thorough and complete, and will fully 
convey the scope of the invention to those skilled in the art. 

The present invention /rovides photosensitive polymers having an acid-labile 
protecting group at its polypner backbone, the acid-liable protecting group including 
a fused aromatic ring haying the following formula: 



POLYMER' 

BACKBONE 





In the above formula, is hydrogen atom or alkyl group having from 1 to 4 
carbon atoms; X is hydrogen atom, halogen, alkyl, or alkoxy; and y is an integer 
from 1 to 3, wherein the fused aromatic ring is a liner ring or branched ring with y 
greater than or equal to 2. 

The photosensitive polymers of the present invention may have various 
molecular weights. Preferably, the photosensitive polymers have weight average 
molecular weight (Mw) of about 3,000 to about 200,000. More preferably, the weight 
average molecular weights range from about 4,000 to about 50,000. 

The backbone of the photosensitive polymers according to the present 
invention may be varied. Representative examples of the backbone of the 
photosensitive polymers include acrylate backbone, methacrylate, and norbornene 
backbones. 

According to the present invention, the photosensitive polymer is expressed 
by the following chemical formula (1 ): 



In the chemical formula (1), R t and y are the same as defined above; Z is 
hydrogen atom or methyl group, and the ratio of m/(m+n) ranges from about 0.05 to 



Z 




-(1) 



about 0.4. 
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According to the present invention, the photosensitive polymer is expressed 
by the following chemical formula (2): 



Z 




y 



In the chemical formula (2), R 1t y, and Z are the same as defined above; Y is 
hydrogen atom, alkyl, alkoxy, or tert-butoxycarbonyloxy! group; the ratio of l/(l+m+n) 
ranges from about 0.05 to about 0.4; and the ratio of n/(l+m+n) ranges from about 
0.1 to about 0.3. 

According to the present invention, the photosensitive polymer is expressed 
by the following chemical formula (3): 




In the chemical formula (3), R, and / are the same as defined above; R 2 is 
hydrogen atom, methyl, ethyl, or tert-butyl group; Z y is hydrogen atom or methyl 
group; Z 2 is hydrogen atom or methyl group; the ratio of l/(l+m+n) ranges from about 
0.05 to about 0.4; and the ratio of n/(l+m+n) ranges from about 0.1 to about 0.3. 

According to the present invention, the photosensitive polymer is expressed 
by the following chemical formula (4): 




...(4) 
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In the chemical formula (4), R,, y and Z are the same as defined above; the 
ratio of m/(m+n) ranges from about 0.5 to about 0.7; and the ratio of n/(m+n) ranges 
10 from about 0.3 to about 0.5. 

According to the present invention, the photosensitive polymer is expressed 
! by the following chemical formula (5): 



In the chemical formula (5), R 2l y, Z„ and Z 2 are the same as defined 
above; the ratio of l/(l+m+n) ranges from about 0.3 to about 0.6; the ratio of 
m/(l+m+n) ranges from about 0.3 to about 0.5; and the ratio of n/(l+m+n) ranges 
from about 0.1 to about 0.4. 




...(5) 
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According to the present invention, the photosensitive polymer is expressed 
by the following chemical formula (6): 



30 




...(6) 
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In the chemical formula (6), R,, y, and Z are the same as defined above; R 2 is 
hydrogen atom, hydroxyl, carboxyl, or tert-butyl ester group; the ratio of l/(l+m+n) 
ranges from about 0.3 to about 0.6; the ratio of m/(l+m+n) ranges from about 0.3 to 
about 0.5; and the ratio of n/(l+m+n) ranges from about 0.1 to about 0.4. 
s According to an embodiment of the present invention, the protecting group of 

the photosensitive polymer includes a variety of fused aromatic rings. 
Representative examples of the protecting group which can be bound easily to the 
backbone of the photosensitive polymer have the following chemical formulae 7 
through 12: 

POLYMER 
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In chemical formulae 7 through 11, R is hydrogen atom or alkyl group having 
from 1 to 4 carbon atoms. The backbone of the photosensitive polymer according to 
the present invention may be varied. Representative examples of the backbone of 
the photosensitive polymer include (meth)acrylate and norbornene backbones. 

The present invention also provides photoresist compositions. The 
photoresist compositions comprise: fa) a photosensitive polymer having an acid- 
labile protecting group at its polymer backbone, wherein the acid-labile protecting 
group includes a fused aromatic/ ring having the following formula: 




POLYMER 
BACKBONE 
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; and (b) a photoacid generator (PAG). 

In the above formula, is hydrogen atom or alkyl group having from 1 to 4 
carbon atoms; X is hydrogen atom, halogen, alkyl, or alkoxy; and y is an integer 
from 1 to 3, wherein the fused aromatic ring is a liner ring or branched ring with y 
greater than or equal to 2. 

Various photoacid generators may be used in the photoresist compositions. 
Preferably, the photoacid generators are selected from the group consisting of 
triarylsulfonium salt, diaryliodonium salt, sulfonate, and mixtures thereof. The 
photoacid generators may be used in various amounts in the photoresist 
composition. Preferably, the photoresist compositions include from about 0.5 to 
about 1 0 weight percent of the photoacid generators based on the weight of the 
photosensitive poiymer. The photoresist compositions further comprise an organic 
bases in an amount of from about 0.5 to about 50 weight percent based on the 
weight of the photoacid generator. More preferably, the organic bases are selected 
from the tertiary amine group consisting of triethylamine, triisobutylamine, 
triisooctylamine, triisodecylamine, triethanolamine, and mixtures thereof. 

The photosensitive compositions concise the photosensitive polymer which 
is selected from the group consisting of: 

(a) a photosensitive polymer hayifig the formula: 




wherein y is an integer from 1 to 3; Z is hydrogen atom or methyl group; the ratio of 
m/(m+n) ranges fromi 0.05 to 0.4; and the photosensitive polymer has a weight 
average molecular weight ranging from about 3,000 to about 50,000; 
(b) a photosensijtfe polymer having the formula: 



wherein Y is hydrogepratom, alkyl, alkoxy, or tert-butoxycarbony'loxyl group; y is an 
integer from 1 to 3/z is hydrogen atom or methyl; the ratio of l/(l+m+n) ranges from 
0.05 to 0.4; the/ratio of n/(l+m+n) ranges from 0.1 to 0.3; and the photosensitive 
polymer ha^a weight average molecular weight ranging from about 3,000 to about 
50,000/' 

(c) a photosensitive polymer .Having the formula: 



*0 



OH 



wherein R/\s hydrogen atom, methyl, ethyl, or tert-butyl group; y is an integer from 1 
to 3; Z, is hydrogen atom or methyl group; Z 2 is hydrogen atom or methyl group; the 
ratio of l/(l+m+n) ranges from 0.05 to 0.4; and the ratio of n/(l+m+n) ranges from 
0.1 /o 0.3; and the photosensitive polymer has a weight average molecular weight 
ranging from about 3,000 to about 50,000; 

(d) a photosensitive polymer having/the formula: 




wherein y is an integer fr0m 1 to 3; Z is hydrogen atom or methyl group; the ratio of 
m/(m+n) ranges frorrrA5 to 0.7; and the ratio of n/(m+n) ranges from 0.3 to 0.5; and 
the photosensitive >polymer has a weight average molecular weight ranging from 
about 3,000 to a/out 50,000; 

(e) a photosensitive polymer having the formula: 




Z2 



/ 0 

0 

\_ 

K2 

wherein R 2 is hydcogen atom, methyl, ethyl, or tert-butyl group; y is an integer from 1 
to 3; Z, is hydrogen atom or methyl group; Z 2 is hydrogen atom or methyl group; the 
ration of l/(l+m+n) ranges from 0.3 to 0.6; the ratio of m/(l+m+n) ranges from 0.3 to 
0.5; and ther ratio of n/(l+m+n) ranges from 0.1 to 0.4; and the photosensitive 
polymer has a weight average molecular weight ranging from about 3,000 to about 
50,000;/and 




wherein R 2 is hydrogen atom, hydroxyl, carboxyl, or tert-butyl ester group; y is an 
integer from 1k) 3; Z is hydrogen atom or methyl group; the ratio of l/(l+m+n) ranges 
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from 0.3 to 0.6; the ratio of rn/(I+m+n) ranges from 0.3 to 0.5; the ratio of n/(l+m+n) 
ranges from 0.1 to 0.4; and the photosensitive polymer has a weight average 
molecular weight ranging from about 3,000 to about 50,000. 

Monomers or polymers which consist the photosensitive polymer according 
to the present invention can be easily prepared as described in the following 
examples. 

The following examples are set forth for illustrating the invention, and are not 
to be interpreted as limiting thereof. 

Example 1: Synthesis of 1-naphthalenemethvl acrvlate 
1-naphthalenemethyl acrylate, which is a monomer for forming a 
photosensitive polymer, was synthesized via the following reaction formula. 




First, 0.12 mol (2.9 g) of sodium hydride was dissolved in 300 mC of 
anhydrous tetrahydrofuran (THF). Then, 0.11 mol (18 g) of 1-naphthalene methanol 
was slowly added thereto dropwise to the solution. Subsequently, the mixture 
reacted at room temperature for about 1 hour. After the reaction was completed, 0.1 
mol (9 g) of acryloyl chloride was slowly added thereto dropwise to the reaction 
product at the room temperature. The mixture reacted at room temperature for about 
20 hours. 

After the reaction was completed, an excess of THF was removed from the 
reaction product. And then, the reaction product was poured into excess water, 
neutralized with hydrochloric acid (HCI), and extracted with diethyl ether. 

The extracted product was dried using magnesium sulfate (MgS0 4 ) and then 
separated and purified by column chromatography (n-hexane:ethyl acetate = 8:1) to 
obtain 1-naphthalenemethyl acrylate. 



12 



Example 2: Synthesis of 1-naphthalenemethvl methacrvlate 
1-naphthalenemethyl methacrylate was obtained in the same way as in 

Example 1 , using 0.1 mol (8.8 g) of methacryloyl chloride instead of acryloyl 

chloride. 

Example 3: Synthesis of 9-anthracenemethvl acrvlate 

9-anthracenemethyl acrylate was obtained in the same way as in Example 1 , 
using 0.11 mol (21.8 g ) of 9-anthracene methanol instead of 1 -naphthalene 
methanol. 

Example 4: Synthesis of 9-anthracenemethvl methacrvlate 
9-anthracenemethyl methacrylate was obtained in the same way as in 
Example 1, using 0.1 mol (8.8 g) of methacryloyl chloride instead of acryloyl chloride 
and 0.1 1 mol (21 .8g ) of 9-anthracene methanol instead of 1 -naphthalene methanol. 

Example 5: Synthesis of 1-naphthalene-1 -ethyl acrvlate 
1-naphthalene-1 -ethyl acrylate, which is a monomer for forming a 
photosensitive polymer, was synthesized via the following reaction formula. 




First, 0.2 mol (23.8 g) of methylmagnesium bromide was dissolved in 100 me 
of anhydrous tetrahydrofuran (THF). Then, 0.15 mol (237 g) 1-naphthaldehyde was 
slowly added thereto dropwise. Subsequently, the mixture reacted at room 
temperature for about 4 hours. After the reaction was completed, 0.13 mol (12 g) of 
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acryloyl chloride was slowly added thereto dropwise into the reaction product at the 
room temperature. The mixture reacted at room temperature for about 20 hours. 

After the reaction was completed, an excess of THF was removed from the 
reaction product. And then, the reaction product was poured into excess water, 
neutralized with a diluted sulfuric acid (H 2 S0 4 ) and extracted with diethyl ether. 

The extracted product was dried using magnesium sulfate (MgS0 4 ) and then 
separated and purified by column chromatography (n-hexane:ethyl acetate = 8:1) to 
obtain 1-naphthalene-1 -ethyl acrylate with a yield of about 50%. 

Example 6: Synthesis of 1-naphthalene-1 -ethyl methacrvlate 
1-naphthalene-1 -ethyl methacrylate was obtained in the same way as in 

Example 5, using 0.1 moi (8.8 g) of methacryloyl chloride instead of acryloyl 

chloride. 

Example 7: Synthesis of 9-anthracene-1 -ethyl acrylate 
9-anthracene-1 -ethyl acrylate was obtained in the same way as in Example 5, 
using 0.15 mol (8.8 g) of 9-anthraldehyde instead of 1-naphthaldehyde. 

Example 8: Synthesis of 9-anthracene-1 -ethyl methacrvlate 
9-anthracene-1 -ethyl methacrylate was obtained in the same way in Example 
5, using 0.1 mol (8.8 g) of methacryloyl chloride instead of acryloyl chloride and 
using 0.15 mol (31.5 g) of 9-anthraldehyde instead of 1-naphthaldehyde. 

Example 9: Synthesis of Homopolvmer 

First, 9 mmol (2 g) of 1 -naphthalenemethyl acrylate synthesized in Example 1 
was dissolved in 10 g anhydrous THF. 0.1 g (6 mol%) of azobisisobutyronitrile 
(AIBN) was added thereto and purged to with nitrogen (N 2 ) gas, thereby initiating the 
polymerization reaction at about 65°C for about 20 hours. After the polymerization 
was completed, the reaction product was diluted with a small amount of THF, and 
the diluted product was slowly added thereto dropwise into an excess of n-hexane 
(about 10 times greater excess) to obtain a precipitation product slowly. 
Subsequently, the precipitation product was filtered using a glass filter, and then, 
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the filtered product was dissolved in an appropriate amount of THF, and precipitated 
again with an excess of methanol (about 10 times greater excess). The precipitation 
product was dried in a vacuum oven at about 50°C for about 24 hours to obtain a 
desired homopolymer of a yield of about 80%. 

The obtained homopolymer had a weight average molecular weight (Mw) of 
about 21,000 and a polydispersity (weight average molecular weight(Mw)/number 
average molecular weight (Mn)) of about 1 .9. 

Each of the monomers synthesized in Examples 2 through 8 was polymerized 
in the same way described in Example 9 to obtain each of homopolymers. The 
yields of the obtained homopolymers were in the range of about 70% to about 85%. 

Example 10: Synthesis of Copolymer 

The synthesis reaction of copolymer can be represented by the following 
formula: 




9 mmol (2 g) of 1-naphthalenemethyl acrylate synthesized in Example 1 and 
21 mmol (2.5 g) of 4-hydroxystyrene were dissolved in 18 g of anhydrous THF. 0.3 g 
(6 mol%) of azobisisobutyronitrile (AIBN) was added thereto and was purged with 
nitrogen (N 2 ) gas. The polymerization reaction of the above monomer compounds 
was carried out at about 65 °C for about 24 hours. After the polymerization was 
completed, the reaction product was diluted with a small amount of THF, and the 
diluted product was slowly added thereto dropwise into an excess of n-hexane 
(about 10 times greater excess) to obtain a precipitation product. The precipitation 
product was filtered using a glass filter. Subsequently, the filtered product was again 
dissolved in an appropriate amount of THF, and was reprecipitated with an excess 
of n-hexane (about 1 0 times greater excess) to obtain a reaction product. The 
reprecipitation product was dried in a vacuum oven at about 50°C for about 24 
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hours to obtain a desired copolymer (yield : about 85%). The obtained copolymer 
had a weight average molecular weight (Mw) of about 17,000, and a polydispersity 
(Mw/Mn) of about 2.0. 

Example 1 1 : Synthesis of Copolymer 

The synthesis reaction of copolymer can be represented by the following 
formula: 



10 mmol (2.3 g) of 1-naphthalene-1 -ethyl acrylate synthesized in Example 5, 
and 20 mmol (2 g) of maleic anhydride were dissolved in 4 g anhydrous THF. 0.25 g 
(5 mol%) of AIBN was added thereto and was purged with nitrogen (N 2 ) gas. The 
polymerization reaction of the above monomer compounds was carried out at about 
65° C for about 24 hours. After the polymerization was completed, the reaction 
product was diluted with a small amount of THF, and the diluted product was slowly 
added thereto dropwise into an excess of n-hexane (about 10 times greater excess) 
to obtain a precipitation product. The precipitation product was filtered using a 
glass filter. Subsequently, the filtered product was again dissolved in an appropriate 
amount of THF and was reprecipitated in an excess of isopropyl alcohol (about 10 
times greater excess). The reprecipitation product was dried in a vacuum oven at 
about 50°C for about 24 hours to obtain a desired copolymer (yield : 65%). 

The obtained copolymer had a weight average molecular weight (Mw) of 
about 1 1 ,000 and a polydispersity (Mw/Mn) of about 1 .8. 

Example 12: Synthesis of Copolymer 




o 
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Each of the monomers synthesized in Examples 2 through 4 was polymerized 
with a comonomer such as 4-hydroxystyrene, in the same way as in Example 10, to 
obtain copolymers. 

Each of the monomers synthesized in Examples 6 through 8 was polymerized 
with a comonomer such as maleic anhydride, in the same way as in Example 1 1 , to 
obtain copolymers. 

Each of the monomers synthesized in Examples 2 through 4 and in Examples 
6 through 8 was added in an amount of 20-50% by mole based on the total amount 
of the monomers. 



Example 1 3: Synthesis of Terpolvmer 

The synthesis reaction of a terpoiymer can be represented by the following 
reaction formula: 




9 mmol (2 g) of 1-naphthalenemethyl acrylate synthesized in Example 1, 27 
mmol (3.2 g) of 4-hydroxystyrene, and 9 mmol (2 g) of tert-butoxycarbonyloxystyrene 
were dissolved in 30 g anhydrous THF. 0.44 g (6 mol%) of AIBN was added thereto 
and was purged with nitrogen (N 2 ) gas. The polymerization reaction of the above 
monomer compounds was carried out at about 65° C for about 24 hours. After the 
polymerization was completed, the reaction product was diluted with a small amount 
of THF, and the diluted product was slowly added thereto dropwise into an excess of 
n-hexane (about 10 times greater excess) to obtain a precipitation product. The 
precipitation product was filtered using a glass filter, and the filtered product was 
again dissolved in an appropriate amount of THF, and was reprecipitated in an 
excess of n-hexane (about 10 times greater excess). The precipitation product was 
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dried in a vacuum oven set at 50°C for about 24 hours to obtain a desired 
terpolymer (yield : about 81%). 

The obtained terpolymer had a weight average molecular weight (Mw) of 
about 14,000, and a polydispersity (Mw/Mn) of about 1.8. 



Example 14: Synthesis of Terpolymer 

The synthesis reaction of a terpolymer can be represented by the following 
reaction formula: 




20 mmol (4.3 g) of 1 -naphthaienemethyl acrylate synthesized in Example 1, 60 
mmol (5.9 g) of maleic anhydride and 10 mmol (1.3g) of tert-butylacrylate were 
dissolved in 12 g anhydrous THF. 0.74 g (5 mol%) of AIBN was added thereto and 
was purged with nitrogen (N 2 ) gas. The polymerization of the above monomer 
compounds was carried out at about 65° C for about 24 hours. After the 
polymerization was completed, the reaction product was diluted with a small amount 
of THF, and the diluted product was slowly added thereto dropwise into an excess of 
n-hexane (about 10 times greater excess) to obtain a precipitation product. The 
precipitation product was filtered using a glass filter, the filtered product was again 
dissolved in an appropriate amount of THF, and was reprecipitated in an excess of 
isopropyl alcohol (about 10 times greater excess). The precipitation product was 
dried in a vacuum oven at about 50°C for about 24 hours to obtain a desired 
terpolymer (yield : about 71%). The obtained terpolymer had a weight average 
molecular weight (Mw) of about 12,500, and a polydispersity (Mw/Mn) of about 1.9. 

Example 15: Synthesis of Terpolymer 
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Each of the monomers synthesized in Examples 2 through 8 was polymerized 
in the same way as in Example 13, along with 4-hydroxystyrene comonomer (first 
comonomer), and another comonomer (second monomer) having a different 
protecting group, for example, tert-butyl acrylate, tert-butyl methacrylate, or tert- 
butoxycarbonyloxystyrene, to obtain terpolymers. Each of the monomers 
synthesized in Examples 2 through 8 was added in an amount of about 10% to 
about 40% by mole based on the total amount of the monomers. The yields of the 
terpolymers were in the range of about 70% to about 80%. 

Example 16: Synthesis of Terpolvmer 

Monomers synthesized in Examples 1 through 8 was polymerized in the same 
way as in Example 13, along with maieic anhydride comonomer (first comonomer) 
instead of 4-hydroxystyrene comonomer, and another comonomer (second 
monomer) having a different protecting group, for example, tert-butyl acrylate, tert- 
butyl methacrylate, norbornene derivatives, or tert-butoxycarbonyloxystyrene, to 
obtain respective terpolymers. Each of the monomers synthesized in Examples 1 
through 8 was added in an amount of about 1 0% to about 40% by mole based on 
the total amount of the monomers. The yields of the terpolymers were in the range 
of about 60% to about 75%. 

Example 17: Preparation of Photoresist Composition 

1 .0 g of one homopolymer synthesized in Example 9, and 0.03 g of 
triphenylsulfonium triflate as a photoacid generator (PAG) were dissolved in 8 g of 
propylene glycol monomethyl ether acetate (PGMEA). 3-10 mg of triisobutylamine V 
as an organic base was added thereto for dissolving completely. The solution was 
stirred and filtered using membrane filters of 1 .0 //m and 0.2 /^m to form a 
photoresist composition. 

The photoresist composition was coated of a silicon wafer treated with 
hexamethyldisilazane (HMDS) to a thickness of about 3,000 A to about 4,000 A. 

The silicon wafers coated with the photoresist composition was pre-baked at 
about 120°C to about 140°C for about 60 seconds to about 90 seconds and 
exposed using a specific eximer laser stepper. Then, the silicon wafer was subjected 
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to a post-exposure baking (PEB) at about 120°C to about 140°C for about 60 
seconds to 90 seconds. And then, the silicon wafer were developed by dipping in a 
mixed solution of 30% by weight isopropyl alcohol and about 2.38 weight % of 
tetramethylammonium hydroxide (TMAH) solution. 

Example 18: Preparation of Photoresist Composition 

1.0 g of the copolymer synthesized in Example 10, and 0.02 g of 
triphenylsulfonium triflate as a PAG were dissolved in 7 g of PGMEA, and 2 mg of 
triisobutylamine as an organic base was added thereto for dissolving completely. 
The solution was stirred and was filtered using membrane filters of about 1 .0 //m 
and about 0.2 to form a photoresist composition. 

The photoresist composition was coated of a silicon wafer treated with 
hexamethyldisilazane (HMDS) to a thickness of about 4,000 A. 

The silicon wafers coated with the photoresist composition was pre-baked at 
about 90°C, exposed using a KrF eximer laser stepper (NA=0.45 and c=0.75). Then, 
the silicon wafer was subjected to a post-exposure baking (PEB) at about 120°C for 
about 90 seconds. 

The wafer was puddle-developed using about 2.38 weight % of TMAH solution for 
60 seconds to form a photoresist pattern. As a result, a 280 nm width (1:1 lines and 
spaces) pattern of photoresist was formed with an exposure dosage of about 35 
mJ/cm 2 to about 40 mJ/cm 2 . 

Example 19: Preparation of Photoresist Composition 

1 .0 g of the copolymer synthesized in Example 1 1 , and 0.02 g 
triphenylsulfonium triflate as a PAG were dissolved in 9 g of PGMEA, and 2 mg of 
triisobutylamine as an organic base was added thereto for dissolving completely. 
The solution was stirred and was filtered using membrane filters of about 1 .0 //m 
and about 0.2 //m to form a photoresist composition. 

The photoresist composition was coated on a silicon wafer treated with 
HMDS to a thickness of about 2,500 A. 

The silicon wafer coated with the photoresist composition was pre-baked at 
about 130°C for about 90 seconds, exposed using an ArF eximer laser stepper 
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(NA=0.6 and o=0.75). Then, the silicon wafer was subjected to a PEB at about 
120°C for about 90 seconds. 

The wafer was puddle-developed using about 2.38 weight % of TMAH 
solution for 60 seconds to form a photoresist pattern. As a result, a photoresist 
pattern having an excellent profile with 220 nm line and space arrays could be 
formed with an exposure energy of about 8 mJ/cm 2 to about 1 5 mJ/cm 2 dose. 

Example 20: Preparation of Photoresist Composition 

1 .0 g of the terpolymer synthesized in Example 1 3, and 0.02 g of 
triphenylsulfonium triflate as a PAG were dissolved in 7 g of PGMEA, and 3 mg of 
triisodecylamine as an organic base was added thereto for dissolving completely. 
The solution was stirred and was filtered using membrane filters of about 1 .0 //m 
and about 0.2 //m to form a photoresist composition. 

The photoresist composition was coated on a silicon wafer treated with 
HMDS to a thickness of about 4,000 A. 

The silicon wafer coated with the resist composition was pre-baked at about 
1 15°C for about 90 seconds, exposed using a KrF eximer laser stepper (NA=0.45 
and o=0.75). Then, the silicon wafer was subjected to a PEB at about 1 10°C for 
about 90 seconds. 

The wafer was puddle-developed using about 2.38 weight % of TMAH 
solution for about 60 seconds to form a photoresist pattern. As a result, a 
photoresist pattern having an excellent profile with 280 nm line and space arrays 
could be formed with an exposure energy of about 25 mJ/cm 2 to about 30 mJ/cm 2 
dose. 

Example 21: Preparation of Photoresist Composition 

1.0 g of the terpolymer synthesized in Example 14, and 0.02 g of 

triphenylsulfonium triflate as a PAG were dissolved in 9 g of PGMEA, and 3 mg of 

triisodecylamine as an organic base was added thereto for dissolving completely. 

The solution was stirred and was filtered through membrane filters of about 1 .0 ium 

and about 0.2 //m to form a photoresist composition. 
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The photoresist composition was coated on a silicon wafer treated with 
HMDS to a thickness of about 2,500 A. 

The silicon wafer coated with the resist composition was pre-baked at about 
130°C for about 90 seconds, exposed using an ArF eximer laser stepper (NA=0.60 
and o=0.75). 

Then, the silicon wafer was subjected to a PEB at about 120°C for about 90 
seconds. 

The silicon wafer was puddle-developed using about 2.38 weight % of TMAH 
solution for 60 seconds to form a photoresist pattern. As a result, a photoresist 
pattern having an excellent profile with 200 nm line and space arrays could be 
formed with an exposure energy of about 7 mJ/cm 2 to about 1 3 m J/cm 2 dose. 

Exposure Mechanism 

A photosensitive polymer according to the present invention is exposed by 
the following mechanism: 



wherein R, is hydrogen atom or an alkyl group having from 1 to 4 carbon atoms, and 
y is an integer from 1 to 3. As described in the exposure mechanism, due to stable 
carbo-cation in the a-position of the fused aromatic ring, which is substituted in the 
form of an ester group, of the backbone of the photosensitive polymer, the 
protecting group of the photosensitive polymer is labile to hydrolyze in the presence 
of acid (H + ). When patterning a photoresist layer formed with the photoresist 
composition containing the photosensitive polymer according to the present 
invention, the exposed and unexposed areas of the resist layer have a large 
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different solubility with respect to an alkaline developer, so that the contrast of the 
photoresist layer can be increased. 

The photosensitive polymer according to an embodiment of the present 
invention has a substituting group at its backbone, which has a fused aromatic ring 
that provides a strong resistance to dry etching. Thus, the photosensitive polymer 
according to the present invention has a resistance to dry etching, and a photoresist 
composition formed of the photosensitive polymer can enhance contrast of the 
photoresist layer formed of the same, due to a large different solubility with respect 
to an alkaline developer, between the exposed and unexposed area. 

The fused aromatic ring of the substituting group of the photosensitive 
polymer according to the present invention can serve as an acid-labile protecting 
group. The fused aromatic ring of the photosensitive polymer according to the 
present invention has UV absorption characteristic, so that the photoresist 
composition formed of the photosensitive polymer according to the present invention 
can be used as a photoresist material for a KrF or ArF eximer laser used as an 
energy source to pattern the photoresist layer. 

The photoresist layer formed of a photoresist composition including the fused 
aromatic ring shows variable absorbency in the range of wavelength of light used for 
patterning the photoresist layer. Thus, the photoresist composition formed of the 
photosensitive polymer having a fused aromatic ring that has a peak absorbency 
with respect to the wavelength of light can also serve as a material for a bottom anti- 
reflective layer (BARL). Thus, the photoresist composition formed of the 
photosensitive polymer according to an embodiment of the present invention is 
expected to be used as a BARL material which is needed for future generation ArF 
lithography. 

While this invention has been particularly shown and described with 
reference to preferred embodiments thereof, it will be understood by those skilled in 
the art that various changes in form and details may be made thereto without 
departing from the spirit and scope of the invention as defined by the appended 
claims. 
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